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Tilleolthernvention: METHOD FOR DISPERSING BUNDLE OF FILAMENTS 
1. Claims 

1 . A method for dispersing filaments by allowing filament groups to pass through 
a corona discharge electric field formed by a corona discharge unit comprising a corona 
discharge electmde and target electrode together with an air stream to endow ihe 
filaments with an wherein dissipation of the electric charge on the 
filament groups Is p^Sventeo using a plurality of the corona discharge units to form an air 
curtain flow along the target electrode at the last corona discharge unit of the plural 
corona discharge unit. 

2. A method for dispersing filament groups according to Claim 1, wherein the 
corona discharge electrode lor lormlng corona discharge electric field is a needle 
electrode, arid the target electrode is a planar electrode. 

3. A method for dispersing filaments t)y allowing filament groups to pass through 
a corona discharge e)ectric field formed by a corona dts^arge urtft comprising a corona 
discharge electrode and target electrode together with an air stream to endow the 
filaments with an electrostatic charge, wherein a pturaiity of corona discharge units are 
used in order to enable the corona voltage to arbitrarily ad|ust. and the space between 
the corona discharge electrode and the target electrode in each corona discharge unit 
gradually Increases along the running direction of Ihe filament groups, an air curtain flow 
being formed along the target electrode of the final corona discharge unit of the plural 
corona discharge unit to prevent dissipation of the electric charge. 

4. A method for dispersing fiiament in the filament group according to Claim 3, 
wherein the corona discharge electrode for forming corona tfscharge electric field is a 
needle electrode, ar^ the target eiearode is a^anar electrode. 

5. A method for dispersing filaments in the filament group according to Claim 3, 
wherein the planar electrodes are formed into steps along the runnir^ direction of the 
filament groups, an air curtan flow being formed ai the step formed between the final 
planar electrode and the planar electrode immediately before the final electrode along 
the final planar electrode face, thereby preventing dissipation of the electric charge. 
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2. Detailed Description of the Invention 

The present invention relates to a method for dispersing fflaments In the filament 



in more detail, the present invention relates to a method for favorably disoersinn 

Riaments shouJd be completely separated to one another (referred as disoersion 
r-SfnfaTr ^^-'"^"-> '°-t.ta."ing a good quaiity nonwoven we^ "e me?hr»or 

^:^ZLTir" ^'^^'''"3 ^ * Of laments X^s 

tr^ferred together w.th air on a corjveyer. The technotogy usua/ly used tor this m^thnH 

«used by fnction orcoilisior,, or by corona discharge, arni dispe^^M^ ^ ^ 
marrems by rr.utual repulsion among me filan,en,s to form a unW^nonw^^^^^^^ 

=hP.np^^!r; ? ?. ^'""^"^ conventional art that the amount of elactrostatic 
f ^17^ " «^ '^o* sufficiency 

olirif: ^^"*^""'^°''^«'^«n«'^'a^. in particular, the amount of ■ 
fiiSLm?""' ^ sufficient lor obtaining satisfactory dspersion among the 

_ The inventors of the present invention have conceived, as disclosed In Japanese 
examined Patent Application Pubfications No. 44-21817 or 64-28508/ to allow filament 
Srcuos to pass ^raugh a corona discharge electric Held to charge the filament groups by 
t)-e corona discharge, in order to obtain stable and relaHvely good dispersion among the 
fnaments. Atter intensive investigations, it was found that dispersion of the filaments 
a=ained by this method has not been sufficient yel due to insufficient amount of 
e.eCJ^stalic charge. When the number of the Riaments are large, in particular 
dipersion among the filaments becorttes remarkably poor, and several to ten or more of 
the filaments remained to be not dispersed. The filaments are partially deposited as 
b-ndles of the filaments, resulting In an uneven nonwoven web with poor quality. 

Usually, dispersion of the filaments are largely affected by electrostatic repulsive 
fcrces acUng among the filaments. The larger amount of the electrostatic charge gives 
larger electrostatic repulsive force, hence bener dispersion among the filaments. 

Since dispersion among the filaments is determined by the balance between the 
eiectrosiatic repulsive foroe among the fflaments and tension of each filament caused by 
the accompanying air stream, good dispersion among the filaments are etiected Dy 
increasing the amount of the electrostatic charge to increase elecirostatic repulsive force 
among the filaments, and by lowering accompanying ^r stream to reduce tension of 
each filament However, it is difficult to obtain an amount of electrostatic charge enough 
fcr obtaining good dispersion among the filaments, when the bundle of the filaments 
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comprising more than 50 filaments, and having a spatial density in the cross section of 
the filament group immediately before entering into the corona discharge eiedrostatic 
Held of more than 50 filamenls/cm2. Is charged by a conventional method. 
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Drawbacks of the conventional art is revealed when the accompanying air stream 
is reduced to decrease tension o^ the filament for making It easy to disperse the 
^;lamen;s. because the filaments lose their electrostatic charge by making them to contact 
tre target electrode, and dispersion ol the filaments Is rather worsened due to reduced 
electrostatic charge of the fUaments. 

Tr.e inventors of the present invention have studied the method tor endowing the 
filament groups comprising a number of the filaments with a high electrostatic charge. In 
order to attain fairly excellent dispersion among the filaments with good stat^ility and ' 
productivity.. 

Tne present invention provides a method tar dispersing filaments by allowing the 
R ament groups to pass through a corona discharge electric field fomned by a corona 
oischarge unit comprising a corona discharge electrode and target electrode together 
wfth an air stream to endow the filaments with an eiectrostaiic charge, wherein 
dissipation of the electric charge on the filament groups is prevented using a plurality of 
the corona discriarge units to form an air curtain flow along the target electrode at the last 
corona aschai^e unit of the plural corona discharge unit. The present Invention also 
provides a method for dispersing filaments by allowing the filament groups to pass 
through a corona discharge electric field formed by a corona discharge unit comprising a 
corona cischa-ge electrode and teragtejectrode together with an atr stream to endow 
the filarrents v/iUi an eiectrostaticcnargS^hereln a plurality of corona discharge units 
are useo in order to enable the corona voltage to arbitrarily adjust, and the space 
between the coror^ discharge electrode ar^d the target electrode in each corona 
discharge unit gradually increases along the running direction of the filament groups, an 
air curtain flow' being formed along the target electrode of the final corona discharge unit 
of the piural corona discharge unit to prevent drsslpatton of the electrto charge. 

The present invention provides a novel method by which the filament groups are 
allowed to pass through a corona discharge electric field in which an air curtain flow is 
fcrmed along the target electrode of the corona discharge unit. A remarkable effect can 
be obtained because a large amount of electrostatic charge and good dispersion of the 
filaments are attained as compared with conventional charging methods such as 
cnarging by corona discharge and the Ske. 

Tre present invention will be described in more detail hereinafter.. 
The filament groups as used herein refers to plural filaments, which may be ' 
bundled or spread as thin tapes or ribbons, or mono-filaments may be arranged with ark 
approximately constant space like a bamboo screen, or ntay be randondy aligned. 
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The filament comprises a so-called filament forming material, such as a synthetic 
Iber of polyamide. polyester, polyolefin and polyacrytonitrile. a regenerated fiber such as 
-ayon. and an Inorganic fiber such as glass fiber. The Blaments may be composite fibers 
comprising different kinds of components, or mixed fibers having arbitrary diameters. 

The filament groups are introduced Into and pass through the corona discharge 
efecmc field together v/ith an air stream, and the air stream is usuaUy generated by an air 
sucker or aspirator. 
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While the filament groups pass through the corona discharge electric field 
Together with an air stream and are charged, the corona discharge electric fleld 
comprises an air curtain flow formed along the target electrode of a corona discharge 
unit The filament group is charged by corona discharge, and the filaments are charged 
oy the corona cflscharge to suffer electrostatic repulsive force among the filaments, 
tending to extertd in the corona discharge electric field. 

Since polarity of the charge generated by the corona discharge electrode is the 
same as the polarity of the charge of the filament groups, the fdaments are attracted to 
ihe^target electrode by the eiectrastatfc repulsive force between the filamerrts and the 
corona discharge electrode. A part of the elMtrostatic charge is lost by allowing the 
charged fflaments to contact the target electrode, and the amount of charge on the 
filaments are saturated to unable the filaments to involve sufficient electrostatic charge 
enough for attaining good cfispersion among the filaments. 

When tl>e charged filament group does rtot come !n contact with the target 
electrode but approaches at a distance from the target electrode, the charge on the 
filaments Is discharged by an electric field generated between the filament group and the 
target electrode due to the electrostatic charge of the filament group, or a part ot the 
electrostatic charge on the bundle of the filaments is lost The electrostatic charge 
particularly tend to dissipate by discharge when the filament group is highly charged, 
because the discharge cfistance Increases. Accortfingly, it te important to torm an air 
curtain along the target electrode, in order to prevent the filament group from contacting 
the target electrode, and in order to prevent the electrostatic charge on the filament 
group from dissipating by keeping a distance between the filament group and the target 
electrode. Another effect of the air curtain comprises more effectivtiy dispersing the 
fQaments in the group to one another, such that Impact force of the filament group against 
a collision plate is increased when^ the charged filament group collides with the collision 
plate in order to allow the filament group to deploy, more effe^ng dispersion and 
extension of the filaments in the filament group. It is surprising that the amount of the 
electrostatic charge on the filament group is more increased, more effecting dispersion of 
the filaments in the filament group. 

The air curtain flow is formed using an air jet no2zie. Although the shape of the air 
{et nozzle is arbitranly determined into a slit or circle, it is selected so that a desired 
cunatn flow is obtained depending on the shape of the target electrode. For example. 
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when the target electrode is planar, me air curtain flow is preferablv blown nnt nf . r. 

pr„.«„. because „.™,i„5 „ ,^ g^uptn,^ "C^f °" " "°' 

oressul! curtain flow ia usually formed by fe«Sng a compressed air the 

the space between the corona discharge electrode and tarqeTeTe^^, " 
5radua«y irxreases toward the uppeTSream 3ide of^^L^ ^pM^f^ „ 
an a:r curtain flow along the target electrode at the final unit ^)S^eX ^^ "^ 

soS. ttie number of the filaments constituting the Slament group, as weVL the 

^et^T ' ^ ^ in the cross section Of the ?Sm^ gTup.Te 

ct^B^c^t'2^^l:l'^'^ ^ particularly preferable when the amount of the eiectrostaUc 
me^in«nt ^ w ^ the number of the Blaments in 

S^ucTSi r«n"^!£^r acconiance with the passing velocity of the filament group 
Wvouch the corona discharge electric fletd. and when the amount of the electrostatic 

am^n«^!l;l^*T cJispersed to one another by the electrostatic repulsion 

among the filaments, as the filament group passes through each unit and progressively 
Chafed. The el«»ostalic repulsive force arising from the same polarity betv«en the 
1 « generated from the corona discharge electrode and the electrostatic charge on 
the filament group also increases by the increasing electrostatic charge as (llament 
group sequentially passes through respective electrodes, thereby allowing the filament 
group tc readily contact the target electrode. Therefore. H is necessary that the space 
between the corona discharge electrode and target electrode is gradually increases tor 
every units toward the mnning direction of the filament group. In order to prevent the 
filament group from contacting the target electrode, to prevent dissipation of the 
electrostatic charge on the filament group, and to endow the filament group with 
electrostatic charge by corona discharge. 
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Corona electric current at each unit is adjustable by IndeoendentJv =nH 
adHisang the corona voltage of each unit. Slnci the coroL e^ L^ntTh^^^^ 
changed to obtaining a maximum level of electrostatic charge M^ond^^l 
Changes of the number of the filaments constituting the li.amTnt"rp':S denTer 
and spaaal densrty of the fdaments in (he cross section, it is requfred Lt ^^«ro„a 
d^charge urut composes independem units that are able to arbilrarilyT^ust corona 
vo«age .n onJer td endow the filament group with a maximum level ol electmst^c 

The voltage ol each unit, or the corona electric current, and the number of the 
independent units may be arbitrarily determined depending on the number of the 
filar^nts constituting the filament group, overall denier. sf«tial density of the filaments in 
the cross section, the velodty of the filament group passing through the corona 
d.scharge electric field. Ihe flow speed and flow volume of the afr conveying the filament 
group, and ihe like, so that a high electrostatic charge is obtained. 

The space between the corona discharge electrode ot each unit for fonning the 
corena discharge electric field and the target electrode gradually increases toward Ihe 
running direction of the filament group. The increasing mode comprises: disposing the 
corona ctischarge electrode and the target electrode of each linit on a common plane to 
one another to continuously increase the distance between the two elearodes toward 
the njnning direction of the filament group; or disposing the corona discharge electrodes 
of respective units on com.mon planes to one anther, and the distance between the 
corona discharge electrode and the target electrode increases stepwise toward the 
running direction of the filament group. However, it is preferable that the corona 
discharge electrode of each unit for forming the corona discharge eiecirie field is 
disposed on a common plane parallel to the ninning aada of the filament group when it 
invades into the corona discharge electric field, and that the distance between the 
corona dscharge etectrode and the ts^get electrode Increases stepwise toward the 
running direction of. the filament group for every independent unit 

The step he^ht between the two units Is, ttiough not restrictive, preferably 2 to 20 
mm, more preferatjiy 2 to 10 mm. The corona voltage of each independem unit of the 
plural unHs may be adjusted by connecting each unit to a high voltage source, or a 
variable resistor may be provided between each unit and ttie corona discharge 
electrode. 

Conventional corona <$scharge metttods may be used in the present invention. 
For example, as disclosed in Japanese Examined Patent Application Publicaiion r4os. 
44-21817 and 54-28508. a combination of nee<fle electrodes and electrodes having 
planar or curved faces is generally used for the corona discharge method. A voltage of 
10 to 60 KV is usually applied between the two appropriately spaced electrodes, and the 
filamerrt group is allowed to pass through the two electrodes. 
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needle eLTrSeT rsrap;Tm^^^^^^ 

e.ecm)des and rod-shaped electrodes may be em^oyL^ie 'S^* f 
d.scharge oiher than the combination cf Z needle elertreSe a J . '^'''"^ 

preie.ab;::.^:~s:c;res"r^^^^ 

^ ''^ ^" ^"^^^ ^'anient group is allowed to pass 

T^llVT^ connected to a direct current high voftaoe source 6 as shown In Rg 3 
I^S e^^mr^T^^^ addiUonally allowed to pass through a corona dlschar^e.eclrtc 
field generated between a needle electrode 7 and planar electrode 8 conned to a 
d-rect current hfg^ voltage source 9. wherein acurtain How 10 is iJ^Z^me pfanar 

are allowed to ceposit on a net conveyer 1 1 to tomi a nonwoven web 1 2. 

The corona discharge electric field comprising the needle electrode 4 and planer 
electrode 5 .s provided so as to effect especially when the number of the liiaments in the 
group « increased, and when the eiedrostaHc charge given to the fHamenl Irom the 
corona eleca-ic fieW generated only the needle electrode 7 and planar electrode 8 is 
insulfiaent tor dissersing the filaments. Therefore, the electric fiold is not alwavs 
necessary. 

Fig. 2 shows an another embodiment of the present invention. The filament group 
pulled or stretched by high speed rolls 13 and 13i Is guided and allowed to pass 
through a corona discharge electric fields, which are Itmed between the needle 
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a ranwoven w«b In which the niamenis are dispS^d ^'^^ ^ manufactunng 

While the present irtvention is described in more detafl vnth reterenc* * th,. 
examples, the present invention is not necessaniy restricted tht«^ * 

e-e-^o^LTh Charge in the examples was measured using a 

e.e.j-ostatic charge meter CKCM3ie, made by Kasuga Bectric Co.). 

The degree of dispersion of the filaments was evaluated as shown in Ros 1 and 9 

- -T^ho '^'^'^ °* ^^^^ ^ o»«enr«| i^a length 

=. . rn. The web was evaluated to be very good when no bundles are seeoat auJ^ 
cocnpiale dispersion of the tiiaments. and to be good when one to ^.fs te «en. 

Example 1 

endowing the filaments with a lot of electrostatic charge Is important for good 
Oiscersion of the fliamente in the group taking advantage of electrostatic charge The 
effect o the air curtain for increasing the amount of the electrostatic charge given to the 
filament group is shown In Example 1. 

Polyethylene terephthaiate was discharged from a spinning nozzle having a 
nurr.ber of spinning holes of 120 by the method shown in f=ig. 1. The filaments were 
.ntroduced .nto an air sucker (air pressure: 4.0 kg/cm2G. flow volume 35 Nm3/hr cross 
setSion at the outlet. 1.13 cm2) to obtain a fOament group comprising mono-rnaments of 
1 .sd. The njnning speed of the ftlament in the fOanient group was calculated to be 4800 
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Two stages of the corona discharge units were niar-oH ^ c ^ . 
sucker as shown in Rg. 3. The needle ^^TJ^^^lT ^ ''^''''^ 

placed a: 21 mm apan from the ne^e el^rrT^r T^.^*^ a made of S US was 
provided above tr^Bp,a^eT^^l^^^!^ ^ "'^'^ ^''^mm 1 60mm) are 

group to pass through the f rst corona discharge unte JJI Z^T^-*^ 1""^"* 

increased as shown in Tabid by forming the ai, curtain. ■ "^""9"°"^^^^ 
TABLE 1 



Alfl PRESS JH6 C?5LT JN 
AIR affTWfi =LOW 


ELECTROSTATIC 


DiS^ERSlON 
OF r:L'y«HNTS 


1 


24 


Good 


2 


26 


Good 


3 


27 


Good 



Comparative Example 1 

needie^re^L'^T'r ^ "^"'^ "^'"^ comprising a 

needle e'ectr^e having lo needles and a SUS planar electrode in which the space 
behveen the electrodes ««ras adjusted to 17 mm by variously changing the voltage A 
nonwoven web with poor quality, in which bundles of the filaments were obser>«d at 
many sites, was obtained. The maximum electrostatic charge on the maments was 10 ? 

Example 2 

Polyethylene terephthalate was discharged from a spinning noxzle with a number 
of the spinning hoies of 180 by the same method as shown in Rg. 2.and the filaments 
were pulled using a pair of high speed rollers at a filament speed of 500 m/min The 
filaments were introduced into an air sucker (ar pressure; 4.0 kgtem2G, flow volume- 35 
Nmaflv. cross section of the outlet; 1 .13 cmS) to obtain a mon-filamem group with 2.0d. 
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among the filaments. 9^tB excellent disoe'sion 

Comparative Example 2 

^-pS^.i:^™::^^^^,'^ - by usi„« ,„ 

the planar electrodes S anrt a 4 and 7 were connected to the sarnT^^ 

examples 3 to 7 

n.amenirrn';e ss;;:;; g^Xh r ^^^^^^"^ ^« the 

section or the filament gro^^^ZZ^^' ^2.^° ««ament5/cm2 in the cross 
field, can be quite favo ^'^""9 discharge d^tric 

TABLE2 




Example s 

'>o^ene ,35056 mad. b, 0««, Co., w« u,«,. po,y„«, 
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discharged from a spinning nozzle with a number ol the spinning holes ol 9fi Tho 
filarnents were pulled by a pair of high speed roll with a vdodtj of MOolminL oK.«- 
a filament group comprising mono^laments of 2d The filament nrTo ? ^^"^ 
into an air sucker (air pressure- 4 Q kfl/emor . n . ^"^^ ""troduced 

the outlet; 1 13 aiS T^^^n^'^^T^ '^"^s section of 

^7' ^^P® used In Example t were 

Wvough the a.r sucker to deposit the filaments on the net conveyer afl^chtafnn 
Wherein the vciage of tne first unit was ^2 kV the vottaaTIi Z L ^ • ^ ^' 

amount of the e ectrostatic charge on these filaments were 264c(q tid ^ fitamLn!* 
^^Te?"' mcno-riaments on ^e depcsitS^^en iT""" 

1™"^°^'' «^ ^°"»ed by spreading the filament group by allo^ng 
the charged fitement srcup to collide with an insulated copper plate iSacad fbo^ si 
cm below me unit at an ang.e of 45-. The width of the ^nci^Led^e a,Me^/° 
p assure for forming tne ai. curtain flow Is increased. The amount of eS;^^sS^c cLse 
also ^icreased as the afr feed pressure is Increased. The results are shown 



AIR PRESSUPSC?^ 
SUTNOZZ:^ IK FHHT 


SL^CTOCSTATie 


WEBVVIOTH 


OlSP£RSIOM OP 
FAjMENTS 


1 


28 


420 




2 1 29 


470 


GOQC 


3 ! 28 


500 





Brief Description of the Drawings 

Figs. 1 and 2 a^e schematic drawings of the examples in the embodiments 
according to the present invention. 

Fig. 3 Shews a cross section of one example of the corona discharge device. 

Rg. 4 shows the relation between the magnitude of the corona electric cun-enl and 
the arnount of the.eletrtrostatic charge, at the lower step (the first st^) 

1 „ spinning port. 2 ... filament group, 3, 3a _ air sucker. 4, 4a needle electrode. 
5, 5a ._ planar, electrcde, 6, fii ... direct current high voltage source, 
7. 71 ... needle electrode. 8. 8i „ planar electrode. 9. 9a , direct cun-ent high voltage 
source. 1 0. 1 (U _ air curtain along the planar electrode. 1 1 «. net conveyer 12 ._ 
nonwoven web. 13. 13a rotating roll 
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